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(57) Abstract: There is provided a control method for sufficiently compensating the non-linear characteristic for a plant having 
a strong non-linear characteristic and satisfying the follow-up and stability for a plant having a large control amount fluctuation. 
There is provided a plant control device using modulation algorithm. The control device includes: means for calculating a temporary 
control input for controlling the plant output to a target value; means for dividing the temporary 
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control input into a plurality of components; means for modulating at least one of the components; and means for adding the mod- 
ulated component to another component so as to generate a control input. Thus, it is possible to minimize the input fluctuation 
caused by modulation while maintaining the compensation ability of the non-linear characteristic such as plant firiction and hystere- 
sis attributed to the conventional modulation algorithm. Accordingly, even in a plant in which the temporary control input is greatly 
changed, it is possible to prevent oscillation of the output, thereby improving the controllability. 



(57) S*?): tmm^^(Dm^':f'yl^h'{Z$^LX+^{Z$mm¥fit^^mL. *fc. »Jffll«a)aEl!lA<*#L^3^^> 



1^ 



wo 2005/091088 



1 



PCT/JP2005/004792 





m m 

[0001] :^mmi^. 7fy'^h(Dy^—\fy<^yt^Um^mi:imir^o X<OMcW-ma^. 



wo 2005/091088 



2 



PCT/JP2005/004792 



^W)yvmm<r>^o\c. ^w^Kti(ommm^^^<. m^^mima-fy^-yw 



PI % 



#fF:SCgfel : #112001-152885-^ 
#fp:SCS^2 : #W2003-195908-^ 



wo 2005/091088 3 PCT/JP2005/004792 

[0014] ^^mmo^—mM^mi^xtn-i. y-(j^^^m\t.. e y>(/i^i^xy>(/i-^mm^mn 

[0016] mi]^mM(D—mM^mXh^. A Z ^|^T/W=f yXA<DtEIB&l21o 

m2-]^mm(D-'mmmmxmmir:b$^mmy-f/^y^(Dm^mo 



wo 2005/091088 



4 



PCT/JP2005/004792 



[0020] 



g8]/M/^°^^ A Z 



[0017] J^T. lil®^#flibT. ;*:|§0J(D^Jg<Z)?^^^^0;3i-So 

[0018] 1 ■ :i^^m<D-'Mm^.m},^};i:^u\m}-7hmmuvM^^ 

[0019] :^mm(D-'mMmmx\t. umnM^t\.xp^'imm<D-^m^vwm^im±.\f^ 

^-r^mm^^-r^o y</\^-:f<DMi:kv:7h&i^. ::^>i^'^(Dmmikm-^^:^ 



mtmr\^xi.^% 



[0021] 1.1 y<^y<:^^Ax^mT/i-=tv:KM(Dmm 



wo 2005/091088 5 PCT/JP2005/004792 

[0022] RsldCk) = UUftin_cent(k) + Duliftin_L(k) + Duliftin_H(k) (1) 

nr-e. Vmin_centikM0mAt}^^Wl^(D^'t^iM^^^0:\^^ Duliftin_L(k)f*'^' 
'L^ie^!^^Uliftin_cent(k);0^b<^-'^fSISF^<Z)^IJjrfc^/J^^«)^:9-^^b. 

[0023] /J>^tbfiK:9-Duliftin_L(k)0^<^ A L ig|iT/W=?'!;XA(C j;oT^I^L> /J^^ 

^DuliftinX_dsm(k)^m^^^#'^^tfebTf^J^A;'3Uliftin(k)^iLm-r^ (HI '+'C)„ 
[0024] UUftinCk) = Uliftin_cent(k) + DuliftinX_dsm(k) + Duliftin_H(k) (2) 

[0025] ^mA:^Rs\d(D±m^ti:Wjti^r^'ofc. mm<^^h^^ ^ A 2 ^mit^^ 

[0026] ^r. mri&<D^^\^ti^3^^^(Dwm:^m^o\^^xnmir^o 

[0027] 1. 2 '»4\N>figBfe4¥lJliftin cRnt(D^m 

?fe^(D;k:#-Cj:^l!j(j:ii«ei-S(^#2)ri:;ds^i?)fe4X'5„ ^#lf*. mm<DUMi^^ 
[0028] ^#lfc^f^2r*t0S-r6^#'Cfet). M^#^Sr^fc-r;i^fi— i^6^jfei^?l^:7^/Vi5' 

[0029] Lfc;6So-C. :^^m(D—mmMWrQ\t. mML(DZ7^;v^^U^^i^^ti^m'i^y-( 



wo 2005/091088 6 PCT/JP2005/004792 

■^(Dm+ly^— ^€rffiV^'r^i^^^^Rsld_f^t(k)^^ttl-t-S„ ^Wi^^y-(/V^\^. —Wt 

(3) (7)^:5 iJl^^ttSo 

[ifci] 

/isW _ flt{k) = — Y Rsld{k - 0 (3) 

[0033] RsldJltCk) = Fmed(Rsld(k). Rsld(k-1). Rsld(k-2m')) (4) 

(DA:fyRs\dJlt{k)^^ib^ n;^-7^5/:/tff(DA;^Rsld_flt(k-n)^-eOn+ l'f®<7)7^— i^'^ffiV^ 

x^m^^m^^wm-t^o ytfdu, ^Np^<^A;^Rsld_flt(k);«»*e)0f;£<3^utv^'(ia e 

^IS^Ot*— i5?ji, Rsldjlt(k)lc:eii$ns„ o^t), £ :7^/ki5'}i. i^Wd^m^Y £ 



wo 200S/091088 



7 



PCT/JP2005/004792 



Uliftin cent{k) = Y Fe{Rsld _flt{f^- ARsld _ flt{k)) (5) 

[0035] ^Bf^mmF e . ^ (6) o iZL&m^tl^o 



Y iX<Y-s, Y + e<X) 



m-efoSo la (a) . =j:/hn— A;;'jRsid-efcSo in (b) — (d) Ji 

[0038] ;^ce*5, |1|3}c:^qV ^T. W^m^i^y^J^^^t;^^JTl^y-(/v^<D^my'—^mt. ^ti 

[0039] i^;iT. ^^w'/i^iJ'^aco^mtciov ^xm,m-r^o ^tih(Dum'<t\t. #MA;^Rsid 

) IJIOV g LTV 

[0040] ^mm^y^f^^^m\^xy^;vdf^m\jrcM^ (ma (b) ) . ^^-eii/jtv 

[0041] :^^J'T:yy-()\^^^f^\^fzM'^ (1213 (c) ) , #mA;^Rsld(D^:/x^/k;5?.#t!)(il^*$ 



wo 2005/091088 8 PCT/JP2005/004792 

[0042] £ :7^/i-^^m\^^tim^m3 (d) ) . ^Ty::^ik(Dmm<:.M-r^m^m-i^nKm 

[0043] #^?i^7^yUi5'20(#«]^*^:7-</^^ + s z^^;v^)^m\^fzM'^ (1213 (e) ) . 

[0044] 20(^i:^T>'y^/Vi$f + e Z^^Jl^^) ^ffl V ^fc#-^ ( Bl 3 (f ) ) , ^i^Ti^ 

mmx.^hJX\^^mmm(oy^;vdf}):y'!fm^n\^x a y^jvdf^mLrc^^^. ^^\z. 

[0045] *fc. #^M?i^:7^/Ui5^ (e) t (f ) ^JtlSe-r^i:. (f ) \t:^Tiy'f^(Dmm (c^i-^iitJ^ 

[0047] 1. 3 /J^^itlBfe4>Dul^ftin L^:^^lbBfe4>Dliftin H<Dmm 

I2l4«, #R^A;^ lC^t-S/jN^IJ]^5>Duliftin_Li:::*C^»J^:9-Dliftin_H(DM#^^ 

5^DUftin;5S^je)f>tl/§o ^btT^ ll5^Dliftin(^5*>^ Blf^(^5>§'Jb#V^{i£Duliftin_LMT 
[0048] ^^Ji?^^-Cfi. /J^^l!]^5^Duliftin_L^^^l(l^:9-DUftm_H{* . ^ (7) (9) 



wo 2005/091088 



9 



PCT/JP2005/004792 



Duliftin_L{k) = < 



Duliftin{k) = Rsldik) - Uliftin _ cent(k) (7) 

Duliftin _ LMT {Duliftin[k) < Duliftin _ LMT) 
Duliftin{k) {-Duliftin _ LMT < Duliftin(k) < Duliftin _ LMT) (8) 
- Duliftin _ LMT {Duliftin(Jk) < -Duliftin _ LMT) 

Duliftinik) - Duliftin _ LMT {Duliftin{,k) < Duliftin _ LMT) 
Duliftin _H(Jc) = <0 {-Duliftin _ LMT < Duliftin{k) <, Duliftin _ LMT) (9) 

Duliftin{k) + Duliftin _ LMT {Duliftin{k) < -Duliftin _ LMT) 



[0051] 



[0053] 



[0049] 1. 4 A Z ^^/J^^gb5fe4»Du^ftin L DSM(Dmm 

[0050] ^(10) /J^^i!)^5>Duliftin_L{*. \nh^mf^< A S^^(DA;^{iSr( 

^a^. /J^^itJ^5>Duliftin_L^*^ 5^fiJbtVMe(±Duliftin_LMT) (D^m^X^m^tl 



r(k) = Duliftin_L(k) 



(10) 



[0052] ^{;i^(ii) K^-rxoiz.. AM^T{k)t. mmmk-i(DmmiB-^u{k-i)t(DM 

5 (k)^^mi-So m^x^^{i2){zm'rxo{z.Mmm^-8 {k)tmmMk-i<D 



i^m a (k-1) t^mwu 

8 (k) = Kk)- u(k-l) 
a (k) = a (k-1) + 6 (k) 



(11) 

(12) 

i^tea (k)}^. #a?l^M»l^jifflLT+R* 

i^iUa (k)^^'ifti^±fj:h\t^ 0mMmmM 

l^m.a (k)^S-^nJ;^)/jN${ttt(i. ^BM 



[0054] ^^c^(l3)^c^1-J;5{-^ 



I'^m a (k) ;6Sif nc^^-a-s O^i 



wo 2005/091088 



10 



PCT/JP2005/004792 



[0055] u(k) = ftiK a (k)) ( 1 3) 

Duliftin_L_dsm(k) = u(k) (14) 

[0056] 1. 5 -^mz7hmmmm^>:^y^j>, 

[0058] 0':5V 0mAtlRsldtfp^mi^^Vmm_centt(Dm^7!>^. btV MifitJ:<ko"C$ 
€>{-/J^^ib^5>Dliftin_Li:;^^l!]^5>Dliftin_H(^::9-#J$tT/-5o /J^^l!J^5>Dliftin_L^^ 

[0059] /<e:}3, ±ia(^v^;^xi=s(*. ^m^tl^X A Z ^PiT/V=^yX^54^ffi V ^TV 

A ^fir/w=ryXA64^ i: a ^mr/i^=fv^J^74^m\^^x^m^^m^i-^^th 

[0060] Elef*. A^|iT/^=fyXi^64^3ifflbfcRr^y>^h^1t^J1^v';^xi^60(D:/D>;/i? 
m-Cfo-So A^I^T/^=^'yXi^64-e^T^PtuSSI#^^(15)^^e>5>:(19) ic^i-„ 



[006 1] r(k) = Duliftin_L(k) (15) 

a u(k) = a u(k-l) + u(k-l) (16) 
6 ru(k) = Kk)- a u(k) (17) 
u(k) = friK 6 ru (k)) (18) 
Duliftin_L_dsm(k) = u(k) ( 1 9) 



[0062] 1217}^, i: A^mT/]^=iv:^j^74^mm\^fcFim-7hmmmmi^^'TJ^70(Dyx2 



wo 2005/091088 



11 



PCT/JP2005/004792 



[0063] r(k) = Duliftin_L(k) (20) 

ar(k)= ar(k-l) + r(k) (21) 

a u(k) = a u(k-l) + u(k-l) (22) 

6 ru(k) = a r(k) - a u(k) (23) 

DuUftin_L_dsm(k) = u(k) (24) 
[0064] 2. i}^.(DMmM^^(DSKm 

[0066] |2l9(i. A 2 mm^52^^mitmm^Mmi^fciy^y'J^90<DZftiyi^ 

[0067] m 10^*. X W^-?;?^^ A S ^fS^52^ i tb^iimt^Ti^^xLO^— iS^f^J^ft {digffl bfc 

>>^^Aioo(D:/ti5/i5r|g|-e$,<5^ g m^Mm(DT^^^=^—^i&m\-t. amt( g 



wo 2005/091088 



12 



PCT/JP2005/004792 



wo 2005/091088 



13 



PCT/JP2005/004792 



[2] mmmm(D^^7iK 

[4] MIE7-i'/ki5^^S(*. i^fl0:7^/]^i57^fc}*p< v=T^^:7^/V'i$^^^ V ^xy^/v^m-m^ 

[8] ^fST/V=i'yX^^lrffl V ^fcl^^^^B@<^ Rrig'f55:>l=i^«<D$IJ^»^g-e$>o-C. 



wo 2005/091088 14 PCT/JP2005/004792 

[10] ^mT/u=^v^M.^m V ^fcf^^mmm(D g mmmm(Dmmmm:xh<>x^ 
mmummA:;ti^mm<Dm^K^m^^^^t. 

[1 1] mmT/v=^vxMs^m V ^fc-^9>h(Dmm:^^xhox . 

[12] tfflE:7'^>'h(*. «mi|-C*?Sf»^3®ii(c:|sm(;o:*r&„ 



wo 2005/091088 

[mi] 



1/9 



PCT/JP2005/004792 



lOr 



Rsid 

0 
-2 




time 





Uliftin cent 



Duliftin H 



4 



3 

Q 



time 



0 

-2 



lOr 



10 

Duliftin L dsm 

4 



lOr 



pmxti 4 

Uliftin 

0 

-2 



± Duliftin LMT 




£ 4- 



3 

a 



time 



0 
-2 




B 



± R 




time 




time 



time 



wo 2005/091088 



PCT/JP2005/004792 



2/9 

[1212] 



Rsld(k) 



/ 



/ 



/ 21 



or 



Rsld_flt(k) 




Uliftin_cent(k ) 



wo 2005/091088 

3] 



3/9 



PCT/JP2005/004792 



(a) ^mx± 

Rsid 



(b) 



(c) 



(e) 



(f) 



(6x— ^) 



(d) ey-ou^m. 



+ 



+ 



9 




B 



wo 2005/091088 



PCT/JP2005/004792 



4/9 

[ia4] 




wo 2005/091088 



PCT/JP2005/004792 



5/9 

[1215] 




wo 2005/091088 



6/9 



PCT/JP2005/004792 




wo 2005/091088 



PCT/JP2005/004792 



8/9 

[1^8] 



SO. 



Cain 



/ 



87 








' » 






► 






P— 


► 






p 






► 









/ 



/ 51 




Ucain 



m9i 



/ 95 



■dtp -f 1» ^is 




Vex.cmd 



Ufuel 



wo 2005/091088 



PCT/JP2005/004792 



mm 



9/9 



mi 



/ 106 




Ptmiss.cmd 



Utmiss 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI'' G05B13/02, F02D45/00 



International application No. 

PCT/JP2005/004792 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI'' G05B13/02, F02D45/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

JitSL^ StrLnan Kdho 1922-1996 Jitsuyo Shinan Ibroku Koho 1996-2005 

Ktokai Jitsuyo Shinan Kbho 1971-2005 Toroku Jitsuyo Shinan Kdho 1994-2005 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP 2003-241803 A (Honda Motor Co., Ltd.), 


1,3,7-12 




29 August, 2003 (29.08.03), 






Page 2, left column, line 2 to page 4, right 






column, line 31 






& US 2003/154953 Al & DE 10306278 A 




y 


JP 2003-195908 A (Honda Motor Co., Ltd.), 


1,3,7-12 




11 July, 2003 (11,07,03), 






Page 2, left column, line 2 to page 8, left 






column, line 4 






& US 2003/125865 Al & EP 1279820 A3 






6c CA 2394943 A 





^ I Further documents are listed in the continuation of Box C. 



□ See patent family annex. 



"A" 
"E" 

«L" 



Special categories of cited documents: « j** 

document defining the general state of the ait which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international "X'' 
filing date 

document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "y 

special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than the 
priority date claimed ■ **&" 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
08 April, 2005 (08.04.05) 


Date of mailing of the international search report 
26 April, 2005 (26.04.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (January 2004) 



BVTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP2005/0047 92 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
Y 


JP 2001-332973 A (Nippon Baburaixa Kabushiki 
Kaisha) , 

30 November, 2001 (30.11.01), 

Page 5, right column, line 22 to page 7, right 

column, line 36; Figs. 2 to 5 

& US 2001/26234 Al & EP 1134889 A3 

JP 7-212234 A (Hitachi, Ltd.), 
11 August, 1995 (11.08.95), 

Page 3, right column, line 29 to page 4, right 
column, line 32/ Fig. 14 
& US 5574455 Al 


1,3,7-12 
1,3,7-12 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



A. ■ ?^m(Dm-r^'i^m(o^m m^ii^w^m (i.pc) ) 

IntCL' G05B13/02, F02D45/00 



m&'tn-DitM^hfmn (ais^#fp^5-® d pc) ) 

Intel.' G05B13/02, F02D45/00 



1922-199 6^ 
1971—200 5^ 
1996 — 200 5^ 
1994 — 200 5*^ 



c. 



JP 2003-241803 A ffl fi^WX||t5N^i:^l±) 2 0 0 3. 
0 8.2 9; 112^— v^^^im2fT~B4'-S— v?:J&;|i^3 Ifr & 
US 2003/154953 Al & DE 1030627 
8 A 

JP 2003-195908 A (:*: ffl S^iT X^^^^t) 2 0 0 3. 
0 7. 1 1. :^2^— i^&«^2^T~||8^— i^&il||4tT «&. U 
S 2 0 0 3/1 2 5 8 6 5 Al c& EP 1279820 
A3 «& CA 23 94 94 3 A 



1, 3. 7- 
1 2 



1. 3. 
1 2 







roj .p^tcj;5P^, JS^^fc-g-S-i-s^cm 


rxj #}cMjgcc>fe5:5:i^T?fe-=.T. ^^srifew^^^-c^M. 
r&j iwi— y^T' V h 7 r 5 y — 


08.0 4.2005 


BiBKia3c^8^o>3ssi0 20 4 2005 


Bif.mmtT (I SA/JP) 

100—8915 




3H 


8 6 13 


®fg#-^ 03-3581-1101 1*1^ 


3 3 16 



®S;PCT/I S A/2 1 0 (^2^— S^) (2.0 0 4^1^) 



PCT/ J P 2 0 0 5/0 0 4 7 9 2 



JP 2001-332973 A in^^^—':f9^>'^00Z=^^) 2 0 0 
1.11.3 0, ^5-<— v^;&il02 2^T~^7-<— v?^^i03 6 
^T^:ll2 — 5I11& US 2 0 0 1/2 6 2 34 Al & EP 
'1 134889A3 



JP 7-2122 3 4 A (W^^^± 0 ScMf^^f) 1995.08.11, 

m 3 -<—i^:^mf^ 2 9 ft~^ 4 ^—^j^mm 3 2n. ^140 & 

us 5574455 Al 



;i-5 



1, 3. 7 
1 2 



1, 3, 7 
1 2 



iilS:PCT/I SA/2 1 0 (^2^ 



i^<Di^^) (2 0 0 4^1.^) 



